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INTRODUCTION 


Engineering  experiments  aboard  the  U.  S.  Air  Force  SCATHA  (P78-2)  satel¬ 
lite  (F-1),  launched  In  January  1979,  have  successfully  measured  the  charac¬ 
teristics  of  satellite  charging  by  the  space  environment.  These  data  will  be 
used  to  specify  test  and  design  requirements  for  future  satellites  to  elimi¬ 
nate  disruption  of  mission  performance  caused  by  electrical  charging  of  sur¬ 
face  materials  and  the  resulting  discharges. 

Measurements  from  previous  satellites^  have  shown  that  potentials  of 
several  kilovolts  are  produced  by  energetic  electrons.  Electrical  discharges 
between  dissimilar  materials  charged  to  different  potentials  electrically 
couple  into  the  spacecraft  wiring  harness.  These  electrical  Impulses  may 
upset  sensitive  logic  circuits.  Large  discharges  may  also  degrade  thin 
spacecraft  surface  coatings. 

Satellite  charging  Is  closely  associated  with  Individual  magnetospherlc 
substorms.  During  geomagnetlcally  active  times  the  equatorial  region  on  the 
night  side  beyond  synchronous  orbit  fills  with  energetic  electrons.  The 
particles  are  called  plasmasheet  electrons  (F-2}.  During  Injection  events 
plasmasheet  electrons  are  suddenly  transported  to  lower  altitudes,  surrounding 
synchronous  orbiting  satellites.  These  energetic  electrons  are  responsible 
for  spacecraft  charging.  Although  the  mechanism  for  this  Injection  Is  not 
known  there  Is  a  statistical  correlation  with  ground-based  magnetometer 
measurements  of  magnetic  substorms. 
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F-2  Schematic  depleting  plasma  sheet  electrons  outside  of  synchronous 
orbit.  During  a  geomagnetic  storm  these  electrons  are  suddenly 
transported  to  lower  altitudes  where  they  can  charge  a  satellite  to 


several  kilovolts. 


Two  of  the  engineering  experiments  on  the  SCATHA  satellite  are  the 
Satellite  Surface  potential  Monitors  (SSPM's)  and  the  ^arging  Electrical 
Effects  Aialyzers  (CEEA's).  Three  separate  Instruments  (SSPM-1,  -2,  and  -3) 
provide  direct  surface  potential  and  bulk  current  measurements  of  typical 
spacecraft  thermal  control  materials  on  a  continuous  basis.  One  of  the  SSPMs 
(-3)  is  shown  in  F-3.  T-1  lists  the  sample  materials  and  location  of  the  SSPM 
Instruments. 

The  Charging  Electrical  Effects  Analyzer  is  used  to  verify  that  electri¬ 
cal  discharges  are  occurring  vdien  the  Surface  Potential  Monitors  measure  large 
differential  potentials  between  surface  materials  and  the  vehicle.  The  CEEA 
consists  of  three  instruments:  a  Pulse  Analyzer,  a  VLF  Analyzer,  and  an  RF 
Analyzer.  The  Pulse  Analyzer  measures  the  amplitudes  and  shapes  of  discharges 
on  four  sensors.  Two  of  the  sensors  are  external  and  two  internal  to  the 
spacecraft.  The  VLF  Analyzer  measures  the  electric  and  magnetic  field  spectra 
of  waves  in  the  frequency  range  from  ~  100  Hz  to  300  kHz.  The  RF  Analyzer 
measures  the  electric  field  intensity  in  the  frequency  range  from  2  to  30  MHz 
using  a  1.8-m  monopole  antenna. 

Another  experiment,  the  Sheath  E^^ctric  Experiment,  (SEFE)  uses  ion 
and  electron  measurements  to  infer  the  electric  field  in  the  plasma  sheath 
near  the  satellite  and  the  potential  of  the  satellite  with  respect  to  the 
space  plasma.  It  also  measures  the  energy  spectrum  of  the  particles.  This  is 
an  Important  parameter  in  the  spacecraft  charging  process,  since  the  level  of 
charging  is  related  to  the  average  energy  of  the  incident  electrons. 

There  also  is  a  contamination  and  thermal  control  coatings  experiment  on 
board  in  which  two  types  of  detectors  are  employed.  One  type  is  a  hybrid 
instrument  consisting  of  a  (HPA)  combined  with  a 
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T-1  Description  and  location  of  the  material  samples  on  the  Satellite  Surface 
Potential  Monitors. 


SSPM-l 

# _ Description _ Location 


1 

2 

3 

4 

SSPM-2 

1 

2 

3 

4 

SSPM-3 

X 

2 

3 
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Gold  Plated 
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Aluminized  Kapton^ 
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Reference  Band 
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Silvered  Teflon 
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Gold  Flashed- 
Aluminized  Kapton 


Perpendicular  to 
Satellite  Rotation 
Axis 


180®  from  the 
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Rotation  Axis; 
Perpendicular  to 
the  Satellite-Sun 
Line 


*Indium  Oxide  Coated  and  Grounded 
’’Large  Sample  with  Hole 
®High  Gain 

Silvered  Teflon  Backing 
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temperature  Controlled  ^artz  D^ystal  Microbalance  (TQCM).  It  Is  capable  of 
weighing  contamination  and  measuring  the  currents  of  charged  particles  which 
pass  through  a  system  of  electrical  grids.  The  other  type  of  Instrument  is  a 
set  of  eight  calorlmetrlcally-mounted  thermal  control  coating  samples.  With 
it,  changes  In  the  solar  absorptance  to  Infrared  emlttance  ratio  of  each 
sample  are  monitored.  These  changes  are  due  to  environmental  and 

contamination  effects  and  are  of  considerable  Interest  to  spacecraft  thermal 
control  engineers.  Altogether  there  are  four  contamination  detectors  on  the 
spacecraft  -  two  of  each  of  the  two  types. 

2 

The  Instruments  have  been  described  In  detail  elsewhere. 


OBSERVATIONS 


Two  natural  charging  events  that  took  place  on  March  28  and  on  April  24, 
1979,  have  been  thoroughly  analyzed. 

The  event  on  April  24,  1979  was  characterized  by  an  intense  plasma  injec¬ 
tion  observed  at  the  satellite  before  it  entered  eclipse.  Before  eclipse,  all 
three  of  the  Kapton  samples  on  the  SSPMs  reached  potentials  greater  than  -1000 
volts  with  respect  to  satellite  structure  ground.  Teflon  reached  a  potential 
as  large  as  -6400  volts  and  the  quartz  fabric  approached  -3700  volts.  F-4 
shows  the  time  averaged  Rapton  voltages  for  the  beginning  of  that  charging 
event.  The  SSPM-1  sample  is  on  the  cylindrical  side  of  the  spacecraft,  ro¬ 
tating  in  and  out  of  sunlight,  while  the  SSPM-3  sample  is  on  the  end  of  the 
vehicle  in  shadow.  The  SSPM-3  sample  begins  to  charge  1000  seconds  after  the 
SSPM-1  sample.  In  the  earth's  shadow,  the  satellite  frame  initially  attained 
a  potential  with  respect  to  the  plasma  of  approximately  -5000  volts. 

Data  from  the  charging  event  of  24  April  1979  has  also  been  analyzed  for 
evidence  of  an  electrostatically  induced  enhancement  of  the  rate  of  contami¬ 
nation  collection  by  the  two  RPA/TQCMs.  Presumably,  a  fraction  of  the  heavy 
molecules  outgassed  by  the  vehicle  during  this  period  underwent  ionizing 
collisions  while  still  within  the  plasma  sheath  of  the  vehicle.  (This  frac¬ 
tion  must  have  been  smaller  than  usual,  since  photoionization,  the  major 
ionization  mechanism,  does  not  occur  during  eclipse.)  The  resulting  positive 
ions  would  then  be  electrostatically  attracted  by  the  strongly  negative  exte¬ 
rior  surfaces  of  SCATHA.  Such  an  enhancement  of  the  mass  deposition  rate  was 
not  observed  during  the  charging  event.  However,  because  of  eclipse  Induced 
thermal  effects,  the  short-term  detection  threshold  of  the  RPA/TQCM  exceeded 
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charging  event  on  April  2A,  1979  when  the  vehicle  was  in  sunlight 


the  arrival  rate  of  mass  on  Che  two  RPA/T(jCH  detectors  during  that  epoch  by 
factors  of  4  and  80.  Therefore,  only  a  very  large  Increase  In  mass  accumula¬ 
tion  rate  could  have  been  detected,  and  Che  Importance  of  spacecraft  charging 
to  contamination  transport  is  not  yet  determined. 

Data  from  March  28,  1979  were  unusual  in  chat  Che  satellite  was  in  the 
earth's  shadow  over  1000  sec  before  an  injection  of  hot  plasma  near  local 
midnight  charged  the  vehicle  negatively.  F-5  shows  a  composite  of  data  from 
Che  SSPM,  Che  CEEA  and  Che  SEFE  experiments.  The  differential  potential 
between  Che  Kapton  sample  (SSPM-1)  and  the  vehicle  frame  is  plotted  as  a 
function  of  time  in  the  bottom  panel.  At  Che  time  Che  Kapton  potential  ab¬ 
ruptly  increases  from  background  to  over  one  kilovolt,  the  mean  electron 
energy  increases  from  about  one  kilovolt  to  greater  chan  20  kilovolts.  About 
five  minutes  later  a  discharge  was  detected  by  the  Pulse  Analyzer.  Later  a 
second  discharge  and  a  decrease  in  the  average  Kapton  potential  occurs  as  Che 
satellite  crossed  Che  terminator  from  shadow  into  sunlight.  During  this 
charging  event,  the  vehicle  frame  Increased  to  ~  -8000  volts  and  maintained  a 
potential  near  -4000  volts  until  the  spacecraft  entered  the  sunlight.  The 
data  in  F-5  confirm  that  the  spacecraft  charging  induced  by  energetic  elec¬ 
trons  produced  significant  differential  potentials  and  electrical  dischar¬ 
ges.  The  low  energy  limit  of  the  protons  in  F-5  represents  the  potential  of 
the  spacecraft  frame  relative  to  the  plasma  environment.  This  is  seen  to 
fluctuate  around — 4  kV  during  the  charging  >'Vent.  The  potential  between  the 
dielectric  surfaces  and  the  plasma  is  found  by  adding  the  -4  kV  of  the  space¬ 
craft  frame  to  the  SSPM  voltage. 

The  two  pulses  detected  by  the  Pulse  Analyzer  during  the  March  28  event 
were  undersampled  in  the  logarithmic  time  spacing  mode  being  used  at  the 
time.  Hence  frequency  information  cannot  be  obtained.  Later  in  the  mission 
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F-5  Electron  and  proton  energy  fluxes  end  Kapton  voltages  irtth  respect  to  the 
vehicle  structure  during  a  spacecraft  charging  event  on  March  28,  1979  in 
the  earth's  eclipse.  In  the  two  top  panels  a  brighter  image  represents 
greater  particle  fluxes.  The  sudden  increase  in  the  4  keV  electron 
fluxes  near  23.7  local  tine  corresponds  to  the  Injection  of  hot  plasma 
which  causes  the  charging.  The  modulation  of  the  low  energy  boundary  In 
the  ion  fluxes  after  23.7  local  time  corresponds  to  the  potential  of  the 
spacecraft  frame.  The  ions  from  lower  energies  are  accelerated  up  to  an 
energy  equal  to  the  spacecraft  potential. 
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Che  Pulse  Aaalyzer  mode  of  operation  was  commanded  to  a  linear  sample  spacing 
of  13  nanoseconds  so  that  now  we  are  able  to  resolve  discharge  pulse  shapes. 

Un  April  b,  198U  a  pulse  was  detected  on  the  external  dipole  sensor  one 
minute  and  fifteen  seconds  after  Che  satellite  exited  Che  umbra  of  the  earth's 
shadow.  For  this  discharge  the  Pulse  Analyzer  was  in  the  linear  mode.  The 
data  and  Che  best~flt  of  a  damped  sine-wave  function  Co  the  data  are  shown  in 
K-b.  The  best  fit  was  obtained  using  two  frequencies  of  11.1  and  25. U  MHz  with 
amplitudes  of  0.89  and  0.68  volts  respectively. 

One  liundred  and  twenty-two  days  of  Pulse  Analyzer  data  have  been  analyzed 
for  pulses.  A  total  of  2150  were  detected.  All  but  fifteen  of  these  occurred 
as  a  response  Co  vehicle  commands  or  experiment  operations. 

Although  only  a  few  natural  discharges  have  been  observed  to  date  in  the 
data  from  SCATHA,  the  number  is  adequate  to  account  for  some  of  the  unex¬ 
plained  operations  of  synchronous  orbit  satellites.^  However  significant 
differential  charging  of  materials  has  been  observed  without  detection  of 
discharge  pulses  above  Che  threshold  of  the  Pulse  Analyzer. 

SCATHA  is  successfully  continuing  its  mission  after  17  months  on  orbit. 
The  data  from  SCATHA  has  verified  and  quantified  the  spacecraft  charging 
raecnanlsm.  It  has  shown  that  materials  at  different  locations  on  the  vehicle 
charge  to  different  levels  at  different  rates,  that  even  when  the  vehicle  is 
in  sunlight,  shadowed  dielectrics  can  charge  with  respect  to  the  vehicle  frame 
and  the  frame  can  charge  with  respect  to  the  space  plasma  potential  ,  and  that 
material  properties  change  In  Che  space  environment.  The  data  is  being  u^ed 
Co  develop  better  computer  models  of  the  interaction  of  a  vehicle  with  Che 
space  plasma,  to  provide  specifications  for  Che  electrostatic  discharge 
testing  of  future  vehicles,  to  improve  spacecraft  contamination  management 
techniques  and  to  design  better  laboratory  testing  programs. 
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sensor.  The  16  data  points  are  identified  by  the  larger  syabols,  the 
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LABORATORY  OPERATIONS 


The  Laboratory  Operationa  of  The  Aeroapace  Corporation  la  conducting 
expartwntal  and  theoretical  Inveatlgatlona  neceaaary  for  the  evaluation  and 
application  of  aclentlflc  advancea  to  new  allltary  concepta  and  ayatena.  Ver- 
aatlllty  and  flexibility  have  been  developed  to  a  high  degree  by  the  laborato¬ 
ry  peraonnel  in  dealing  with  the  aany  probleea  encountered  In  the  Natlon'a 
rapidly  developing  apace  ayataaa.  Expertlae  In  the  lateat  aclentlflc  develop- 
■enta  la  vital  to  the  accoapllahawnt  of  taaka  related  to  theee  probleaa.  The 
laboraturlea  that  contribute  to  thla  reaearch  are: 

Aerophyatca  Laboratory;  AerodjmaBlca;  fluid  dynaalca;  placaadynaalca; 
chaaleal  klnatlca;  anglnaerlng  aechanlca;  flight  dynaalca;  heat  tranafer; 
hlgh-poxar  gaa  laaara,  contlnuoua  and  pulaed,  IR,  vlalble,  UV;  laacr  phyalca; 
laaar  reaonator  optica;  laaer  effecta  and  countemeaaurea. 

Chentatry  and  Phyalca  Laboratory;  Ataoapherlc  reactlona  and  optical  back- 
grounda;  radiative  tranafer  and  ataoapherlc  tranaalaalon;  theraal  and  atate- 
apeelfte  raaction  rataa  In  rocket  pltaMa;  chaalcal  thcmodynaalca  and  propul- 
alon  chanlatry;  laaar  laotopa  acparatlon;  chanlatry  and  phyalca  of  partlclea; 
apace  anvlronaantal  and  eontaalnation  effecta  on  apacecraft  naterlala;  lubrica¬ 
tion;  aurface  chanlatry  of  Inaulatora  and  conductora;  cathode  aaCerlala;  acn- 
aor  natarlala  and  aenaor  optica;  applied  laaer  apectroacopy;  atonic  frequency 
atandarda;  pollution  and  toxic  nacerlala  nonltorlng. 

Electrnnlca  Reaearch  Laboratory;  Electronngnetlc  theory  and  propagation 
phanonana;  nlcrowava  and  aanlconductor  davlcaa  and  Intagratad  clrculta;  quan- 
tia  alactronlca,  laaara,  and  alactro-optlca;  coanunlcatlon  aclancaa,  applied 
alactronlca,  auparconductlng  and  alaetronlc  davlea  phyalca;  aUltnatar-navn 
and  far-lnfrarad  technology. 

Watarlala  fclancaa  Laboratory!  Oavnlopnaat  of  nev  naterlala;  conpoalte 
natarlala;  graphite  and  earanlea;  ^lynarlc  naterlala;  naapona  effacta  and 
hardanad  naterlala;  mtarlala  for  alaetronlc  dnvlcaa;  dUMnalonally  atahia 
natarlala;  chanleal  and  atruetural  analynaa;  atraaa  corroaloo;  fatigue  of 

Mtala. 

Space  Selaneaa  Laboratory;  Atnoapharlc  and  looeapherlc  phyalca,  radia¬ 
tion  iM  the  atnoaphara,  danalty  and  conpoaltloo  of  the  atnoapbere,  aurorae 
and  alrglaw;  aagaatoapherlc  phyalca,  manic  mya,  gaaaratloo  and  propagation 
of  plaaaa  navoa  la  the  nngnatoaydMra;  aolar  pl^lca,  x-ray  aatronony;  the  effacta 
of  anclaar  a^loaloaa,  nagnetle  atoina,  and  aolar  activity  on  tha  aarth'a 
atnoaphara,  loaaaphara,  and  nagnataaphm;  tha  effacta  of  optical,  alactmnag 
aetlc,  and  partlealata  mdlatlona  la  apnea  on  apace  ayat(M. 


